Abstract Facile approach to synthesize the metal oxide nanoparticles is getting an increased attention in various biomedical applications such as, to treat antibiotic resistant diseases. Magnesium oxide nanoparticles (MgOÁNPs) were synthesized by using Clitoria ternatea as the stabilizer in a green synthesis approach. The preliminary screening of MgOÁNPs in the presence of C. ternatea extract was observed by UV-visible spectrophotometer. X-ray diffraction (XRD) pattern have proved the crystalline nature of the MgOÁNPs; Photoluminescence (PL) measurement studies are used to identify the quality and defects in the crystal structure. FE-SEM with EDS has showed the size of 50-400 nm with specific binding energies. FT-IR has revealed the functional groups present in the plant extract and the peak at 521 cm -1 indicated the characteristic absorption bands of MgOÁNPs. The DPPH activity and reducing power assay of biologically synthesized MgOÁNPs could reach 65 % at a concentration of 150 lg/ml, respectively. From the results it was concluded that the biologically synthesized MgOÁNPs exhibit good antioxidant activity.
Introduction
Over the recent years, green nanotechnology have attracted considerable spouting research in many potential limelight fields of nanoscience and nanomedicine, which is dedicated for the creation, improvement and utility of nanostructures for advanced biomedical science. Due to their desired distribution, dispersion, sizes and shapes, the nanoparticles have numerous applications in human-day to day life, ranging from consumer goods to medicine Mahitha et al. 2015; Mansee Thakur et al. 2014) . The main objective of this new field is to design and produce the multifunctional materials of nano scale range which are gearing the biological fields (Salata 2004; Nagarajan and Kuppusamy 2013) by making improvements in existing materials (Anamika Mubayi et al. 2012; Geoffrey Ozin and Cademartiri 2009; Revell 2006) . The small and tiny particles consisting of large surface area is capable of protruding and reacting with various chemical groups to show their efficiency in various applications (Alivisatos and Barbara 1998) . Production of nano scale materials can be done using eco-friendly biological synthesis which eliminates the use of chemicals that affect the environment (Brajesh Kumar et al. 2015) . This has led to our current research interest in synthesizing the metal oxide nanoparticles using ethanolic extract of Clitoria ternatea that consists of bioactive functional elements which act as reducing and protecting agent in green chemistry.
Clitoria ternatea is a perennial climber commonly known as Aparajitha or Girikarnika which belongs to the family of Papillionacea. The morphological features (or) phenotypic characters appear as slender downy stems with leaves having multiple leaflets of elliptical shape and flowers of blue or white in colour are rich source of pharmacologically active secondary metabolites such as polyphenolic flavonoids, anthocyanin glycosides, pentacyclic triterpenoids and phytosterols have been reported from this plant. Flavonols i.e., kaempherols, quercetin and myricetin and their glycosides used to treat body aches, infections, urinogenital disorders, as an anthelmentic and antidote to animal stings. Clitoria ternatea is commonly used as a brain tonic in Ayurvedic system of traditional Indian herbal medicine to ameliorate intelligence and intensify the memory function (Karuna Talpate et al. 2014) , prevents convulsions as in epilepsy (anticonvulsant) and also as relaxing agent. Various activities of C. ternatea were reported as antioxidant, vascular smooth muscle relaxant and hepatoprotective agent (Mukherjee et al. 2007 (Mukherjee et al. , 2008 Kuppan Nithianantham et al. 2011) . Hence, in the present study, we have evaluated the ethanolic extract of C. ternatea was utilization in green nano MgOÁNPs synthesis and their antioxidant activity. There are many metal oxides like MgO, ZnO, CaO, TiO 2 etc., which are known for their wide spread usage in diagnosing tools, remedy to treat illness and also as antimicrobial agents using in ointments due to their high catalytic activity (Vijayakumar et al. 2013) .
Among various metal oxides, MgO is a functional semiconductor which has multiple applications in drug delivery (Seferos and Giljohann 2007) , optoelectronics (Jackson et al. 2003) , cell signalling and imaging (Parak et al. 2005 ) especially as successful potent antimicrobial and antioxidant agents fighting against most provocating antibiotic resistant dreadful diseases (Stoimenov et al. 2002; Nasibulin et al. 2009; Zhang et al. 2012 ). In the current study, we have employed the plant mediated production of MgO nanoparticles through calcination. This is a simple method among many methods like sol-gel combustion aerosol, laser vapourization, chemical gas phase deposition, hydrothermal techniques (Yu et al. 2004; Wang et al. 2008; Vandana Singh et al. 2015) . In the process of size, shape, and crystalline nature of the MgO, nanoparticles are influenced by the parameters such as: temperature, pH and calcination time (Kenneth and Price 1999; Bhatte et al. 2011; Suslick et al. 1996) . Hence, in this context, the authors made an attempt to synthesize the MgOÁNPs using C. ternatea using variable parameters such as concentration of metal precursor, dosage of plant extract, pH and temperature, which were used to optimize the suitable condition for MgOÁNPs preparation. The grown MgOÁNPs were analysed by UV-visible spectroscopy, XRD, PL studies, FE-SEM, SEM, FT-IR, investigation of in vitro antioxidant activity by DPPH and reducing power assay.
Experimental
MgCl 2 Á6H 2 O, NaOH, HCl and C 2 H 5 OH were of analytical grade chemicals (Merck and Himedia) and the plant was collected from Ramapuram village of Chittoor district, Andhra Pradesh, India. The C. ternatea plant is shown in Fig. 1 .
The plant of C. ternatea was washed with running tap water and again thoroughly washed with double distilled water for several times and shade dried for about 7 days. Thoroughly dried whole plant was cut into pieces and made into fine powder. The fine powder of 5 g was taken in 100 ml of (70 % ethanol:30 % water) and stirred for 4 days. The extract was filtered through Whatman no 1 filter paper (pore size 20 lm) and supernatant was collected and stored at 4°C for further nanoparticles synthesis process.
In biological synthesis of MgOÁNPs fabrication, addition of ethanolic extract of C. ternate (reducing agent) to the aqueous MgCl 2 hexahydrate solution by adding NaOH drop wise under continuous stirring, at room temperature. The colour changed from green to yellowish colour. The solution generates Mg(OH) 2 which acts as precursor of MgO was centrifuged at 10,000 rpm for 10 min. The collected precipitation was washed with ethanol to remove impurities and formed pellet was calcinated at 100-300°C, which gives the yellow powder form of MgOÁNPs (Fig. 2) .
The growing process of MgO nanoparticles using the plant extract was monitored after precipitate formation using double beam UV-visible spectrophotometer (GENESYS 10S UV-vis v4.002 2L9P112005) at a wavelength range of 200-800 nm. The crystalline phase formation and size of MgOÁNPs were analysed using a PANalytical X'pert PRO X-ray diffractometer with CuK a radiation (k = 0.154056 nm) at 40 kV and 30 mA. The data was recorded over a 2h range from 20°to 80°in the step scan mode with a step size of 0.02°at room temperature (RT).
Fig. 1 Clitoria ternatea
The photoluminescence spectra of biologically synthesized MgOÁNPs measured in the 300-700 nm region were recorded with Jobin-yvon flurolog-3 spectrofluorometer using xenon flash lamp as light source at kem = 454 nm, kex = 380 nm. The size and morphology of the MgO was investigated using a field emission scanning electron microscope (FE-SEM, Hitachi S-4200, Japan) and elemental analysis was carried out by energy dispersive X-ray analysis (EDS) which is attached to the FE-SEM X-ray column along with SEM images of biologically synthesized nanoparticles. Fourier transform infrared spectrum (FT-IR) of biologically synthesized MgOÁNPs was recorded on Jasco FT-IR5300 model spectrophotometer using KBr pellets in the spectral range 4000-400 cm -1 . The antioxidant activity of MgOÁNPs were tested using DPPH (1, 1-Diphenyl-2-picrylhydrazyl) and reducing power assay. All the measurements were carried out at room temperature (RT).
Antioxidant activity by DPPH assay
The sample containing hydrogen as a donor (A-H) when combined with DPPH gives strong absorbance at 517 nm where the colour change occurs from deep violet to pale yellow due to the acceptance of electron from MgOÁNPs (antioxidant) by the DPPH. This results in the reduced form of DPPH-H, (i.e.) the transformation of free radical to nonradical form (Ilhami Gulcin et al. 2010) . The reaction and the percentage (%) scavenging activity can be given as:
Reducing power assay
Reducing power acts as a reflection of antioxidant activity by the formation of different shades of bluish green colour based on the activity of the samples (Oktey et al. 2003) . It is due to the presence of electron donors in the reducing assay compounds which can reduce the oxidized intermediates of lipid peroxidation process which acts as primary and secondary antioxidants. All the obtained results provide basic information that enables the further application of MgOÁNPs in relevant fields.
Results and discussion
In plant mediated synthesis, the variable parameters such as dosage of C. ternatea extract, temperature and pH were measured with UV-visible spectrophotometer. Figure 3 suggests the sharp peak at 280 nm with increasing absorbance with different concentrations of plant extract indicates the nanoparticle formation from low concentration of the plant extract i.e. 200 lg, and size reduction was observed which may be due to the abundant availability of biomolecules in the plant extract. The results are in consonance with the previous report (Bar et al. 2009 ). Hence, the optimum concentration i.e. 200 lg was selected for further studies. Temperature plays a crucial role during nucleation process of nanoparticle formation. MgCl 2 precipitation for the formation of MgOÁNPs at specific temperatures is responsible for manipulating the particle size and morphology. The choice of precipitation temperature attributes to the changes between adsorption events of MgOÁNPs and organic molecules used as surfactants or with ionic effects (Yildirim and Duncan 2012) . In this spectroscopic analysis, the peak absorbance remained unaltered or nearly similar from 25 to 95°C except at 45°C as shown in Fig. 4 , where the absorbance was increased. The current study indicates that 37°C (RT) is the most favourable optimum temperature for MgOÁNPs synthesis.
Effect of pH on the biological synthesis of MgOÁNPs was tested by varying pH range from 10 to 12 as shown in Fig. 5 and at pH below 10, very little amount of precipitate formation is observed. From the UV-visible absorption spectra, it was clearly shown that the increase in absorbance at high pH (alkaline) leads to highly dispersed small sized nanoparticles with reduced aggregation due to presence of hydroxyl ions at high concentrations on the surface of nanoparticles. This is in consonance with the previous report (Ravichandran et al. 2011) .
The wide angle XRD pattern clearly suggests the presence of cubic structure facets of MgOÁNPs determined with diffraction peaks at 2h values are 19 (001) (111), 81(200), respectively. The sharpness of diffraction peaks indicates the crystalline nature of the plant extract reduced MgOÁNPs and the obtained data was matched with reported JCPDS data card no: 002-1207 and is shown in Fig. 6 . The average grain size 44 nm was calculated using Scherrer's formula (Balamurugan and Melba 2014) .
Photoluminescence study is a very sensitive analysis to measure the quality of crystal structure, presence of oxygen vacancies as common defects and the emission mechanism was explained by Gaussian deconvolution based on emission spectrum. The PL emission spectrum of plant mediated nanocrystalline MgOÁNPs powder as shown in Fig. 7 was recorded at 380 nm as an excitation wavelength with bandwidth equal to 5 nm and scanning rate equal to 200 nm/s. The PL emission spectrum reveals emission peak at blue region of 454 nm in 400-500 nm emission band range due to the donation of electrons to the conduction band by making holes in the valence band resulting in band to band excitation of MgOÁNPs; this causes holes which migrate from the valence band to deep levels and recombination occurs between electrons from either the conduction band or shallow donor levels and trapped holes on deep levels (Kripal et al. 2011; Rao et al. 2012; Zeng et al. 2010 ). The size, distribution and morphology of MgOÁNPs were characterized by field emission scanning electron microscope (FE-SEM) and scanning electron microscopy (SEM). Figure 8a represents the typical FE-SEM image of biologically synthesized MgOÁNPs. This represents well dispersed MgOÁNPs, and the size range of 50 to 400 nm was observed. The elemental composition was revealed by energy dispersive X-ray spectroscopy (EDS) attachment with the FE-SEM instrument. In EDS spectrum, the peak positions at 0.261, 0.250, 0.245, 2.629 keV represents the binding energies of the magnesium as shown in Fig. 8b . SEM images of the synthesized samples at pH 10-12 as shown in Fig. 8c , and representing the dispersed nanoparticles of irregular shape with average size of 50-200 nm at pH 10 whereas pH 11 most of the particles were spherical as well as flat plate shaped with reduced average size of 50-100 nm among the dispersed particles. By further increasing the pH value from 10 to 12, the particles were slightly agglomerated with reduced size.
FT-IR spectroscopy was carried out to identify the functional groups present in the C. ternatea which acts as reducing and capping agents of synthesized MgOÁNPs as shown in Fig. 9 . The interaction of plant compounds with the chemical has shifted from weak to strong and broad peak at 3327 cm -1 due to water molecule, and medium peak was observed at 1637 cm -1 (-C = C-) stretch indicates the presence of alkenes and the peak observed at 521 cm -1 indicates the presence of MgOÁNPs .
Antioxidant activity of MgOÁNPs
Free radical scavenging activity by Diphenylpicrylhydrazyl (DPPH) was assessed according to the method Blois (1958) with slight modification. Briefly, 50-150 ll (1 mg/ml) of crude extract of the plant was tested and compared with standard ascorbic acid. The plant showed the maximum antioxidant activity which is almost similar to standard. Powder form of MgOÁNPs synthesized by biological forms were dissolved in distilled water and added to the 1 ml of 1 mM DPPH. The mixture was shaken well and incubated at room temperature for 30 min and absorbance was measured at 517 nm in a spectrophotometer. The experiment was performed in triplicate and average was taken for determination of percentage inhibition. From Fig. 10 , it was observed that the biologically synthesized MgOÁNPs has 65 % maximum inhibition activity. This maximum inhibition of C. ternatea synthesized MgOÁNPs may be due to the bioactive components present in the plant extract. The reducing power of MgOÁNPs was determined by following the method of Oyaizu (1986) . Briefly, 50-150 lg (1 mg/ml) of biologically synthesized MgOÁNPs was dissolved in distilled water and added to the 0.5 ml of 0.2 M phosphate buffer (pH 6.6) and 0.5 ml potassium ferrocyanide (1 %). After incubating the mixture at 50°C for 20 min, 0.5 ml of 10 % trichloroacetic acid was added and then mixture was undisturbed for 15 min. In this assay, the yellow colour of test solution turns to different shades of blue and green depending on the reducing power of MgOÁNPs. The colour developed was measured at 700 nm using UV-visible spectrophotometer. Figure 11 represents that plant synthesized MgOÁNPs have reducing power.
Conclusion
In the present study by using C. ternatea, MgOÁNPs were rapidly biosynthesized and it was confirmed by the initial colour change of light yellow which was obtained at optimized metal: plant concentration of 25 mM: 200 lg, temperature of 37°C, pH of 12 and peak position at 280 nm observed by UV-visible spectrophotometer. The cubic shape of MgOÁNPs was obtained by XRD analysis, PL intensity confirmed the quality and defects in the crystal Fig. 8 a FE-SEM image and b energy dispersive X-ray fluorescence spectrometry-spectra of MgOÁNps synthesized by using Clitoria ternatea, c SEM images of biological samples at pH (10, 11, 12) structure, FE-SEM with EDS and SEM have showed the average size of 50-400 nm with specific binding energies. FT-IR has revealed the presence of functional groups in the plant extract, and spectra peak at 521 cm -1 indicated the characteristic absorption band of MgOÁNPs. In vitro antioxidant activity of MgOÁNPs by DPPH and reducing power assay has proved that biologically synthesized MgOÁNPs have 65 % inhibition activity. The potential antioxidant activity of biologically synthesized MgOÁNPs may be due to the presence of bioactive components of the plant extract. Hence, the biologically synthesized MgOÁNPs have potential in vitro antioxidant activity, and further studies will be carried out to find in vivo antioxidant activity of MgOÁNPs. 
